COMPUTER RACK COOLING SYSTEM 

BACKGROUND 

[0001] As information technology has rapidly progressed in the past ten 

years, the role of computer network centers such as server farms and server clusters 
have became increasingly important to our society. The server farms provide 
efficient data storage and data distribution capability that supports a worldwide 
information infrastructure, which has come to dominate how we live and how we 
conduct our day to day business. 

[0002] A server farm is a group or cluster of computers acting as servers and 

housed together in a single location. For example, a Web server farm may be either a 
Web site that has more than one server, or an Internet service provider that provides 
Web hosting services using multiple servers. In a business network, a server farm or 
cluster might perform such services as providing centralized access control, file 
access, printer sharing, and backup for workstation users. 

[0003] To take advantage of economies of scale, the number of computers 

hosted in server farms has continued to grow over the past ten years. This has lead 
to an increasing need for space, in which to house the network host units and a 
consolidation of spaces where they are located. Sites known as co-location sites 
where numerous networked computers find a home have emerged to meet this market 
demand. Space for the computers is typically rented at such sites. Rent calculations 
may be based on the overall space occupied, power consumption and bandwidth 
handled by the computers occupying the space. Because of the relationship between 
such factors, it will often be in favor of both a co-location site and computer service 
provider to maximize both the density and performance efficiency of the computers at 
a given site. By increasing the density at which computers may be packed into a 
given area, the service provider benefits as less space is required for a given number 
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of computers; the co-location site benefits since the ultimate bandwidth available in 
association with the space available may be greatly increased. 
[0004] Other less apparent benefits stem from conserving the space a host 

computer occupies. In many instances, it will be economically feasible to forestall the 
retirement of otherwise outdated host computers since the cost of the space they 
occupy is relatively lower, thereby justifying their continued service for a period of 
time. On the other hand, where it is preferred to only maintain the highest-end 
computers in service, the savings available by minimizing the size of such computers 
without hindering performance is quite clear. There exists a need for computer 
systems adapted for realizing these many advantages. 

[0005] Typically, at a site where numerous computers are connected to a 

network, the computers are stacked in racks and arranged in repeating rows or cells. 
Access to the computers is necessary for servicing, upgrading hardware, loading 
software, attaching cables, switching power on and off, and so forth. The elimination 
of as much access space as is feasible can increase the density of computer systems 
that may be provided for a given square footage of area at a site. Consequently, there 
exists a need to eliminate extraneous access space while still maintaining the use of 
relatively inexpensive, standard (or more-or-less standard size) racks. 
[0006] In the market today, a standard rack that is widely used measures 

roughly 19 inches wide, 30 inches deep and 74 inches high. In at least one co- 
location site, these racks are lined up in rows of roughly 10-30 units with access 
doors on each side of a rack. Access aisles are provided on both sides of the rows. 
Many of the racks are filled with cumbersome computers mounted on sliders which 
are attached through mounting holes provided in the front and back of the rack. 
Regardless of the chassis design of the computers (or lack thereof where computers 
are merely built on open trays with their components uncovered) and how they are 
mounted to the racks, data devices included in the computer are accessed from the 
front. Main board I/O f s, other I/O's, power cords and such items are typically 
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accessed from the back. It is this latter design aspect which not only results in 
inefficiency in the amount of access space required, but also in the frequent 
inefficiencies associated with having to administer services to both sides of a 
computer. Consequently, there exists a need for computers useable in a network 
setting that are accessible and fully serviceable from a single side. 
[0007] As the number of computers in a server farm is increased, two 

competing factors come into play: consumption of floor space and heat/ventilation 
management. To increase the number of computers at a given server farm without 
increasing the density of the computers means one would need more space. As the 
cost of real estate continues to rise, especially in the urban areas where population 
density is high, there is a strong incentive to maximize the utilization of a given 
space. Furthermore, in some existing server farm facilities, there is no more space 
available for scaleable growth. In such a situation, in order to expand, one would 
have to absorb the cost of starting a new server farm. 

[0008] Alternatively, one may try to increase the number of computers that 

are housed in a given space. In order to significantly increase the density of 
computers in a given space, one common solution has been to shrink the size of each 
individual computer in the rack. Another option is to decrease the space between the 
racks that are holding the stacks of computers. 

[0009] However, as one increases the density of computers, problems 

associated with heat dissipation rises exponentially. One of the major causes of 
electronic component failure is overheating. High performance electronics such as 
CPUs generate substantial amounts of heat. Additionally, next generation processors 
and power supplies are emitting substantially more heat as computing requirements 
increases. Thereby placing further demands on effective heat dissipation. In order 
for computers to continue to operate properly, appropriate heat dissipation pathways 
must be provided. Because each computer contains thousands of heat producing 
electronic parts, as one increases the density of the computers, one must also address 
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the difficult issues of providing proper cooling mechanisms to remove heat from the 
individual computer nodes and the clusters as a whole. 

SUMMARY 

[0010] A computer system is described. The computer system comprises: a 

computer rack; a first stack and a second stack provided in the computer rack, each 
stack comprising one or more computers; a first cooling plenum configured such that 
cooling air can flow between the computers in the first stack and the first cooling 
plenum; and a second cooling plenum configured such that cooling air can flow 
between the computers in the second stack and the second cooling plenum. 
[0011] In accordance with other aspects, a computer system is provided, 

comprising: a computer rack comprising a first region configured to retain a first 
stack of computers and a second region configured to retain a second stack of 
computers adjacent to the first stack of computers such that a first cooling plenum is 
in fluidic communication with computers disposed in the first stack of computers and 
a second cooling plenum is in fluidic communication with computers disposed in the 
second stack of computers. 

[0012] In accordance with yet other aspects, a method of operating a plurality 

of computers in a computer rack is provided, comprising: providing a first and a 
second computer in a partial back-to-back relationship in the computer rack such that 
an overlapping portion of the back of the first computer faces an overlapping portion 
of the back of the second computer; passing cooling air through the first computer 
and out of an exposed portion of the back of the first computer and into a first cooling 
plenum or passing cooling air from the first cooling plenum into the first computer; 
and passing cooling air through the second computer and out of an exposed portion of 
the back of the second computer and into a second cooling plenum or passing cooling 
air from the second cooling plenum into the second computer. 
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[0013] In accordance with yet other aspects, a computer system is provided, 

comprising: a support structure configured to support a first stack of computers and a 
second stack of computers in an offset back-to-back configuration. 
[0014] Other features and aspects of the invention will become apparent from 

the following detailed description, taken in conjunction with the accompanying 
drawings which illustrate, by way of example, the features in accordance with 
embodiments of the invention. The summary is not intended to limit the scope of the 
invention, which is defined solely by the claims attached hereto. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] FIG. 1 is a perspective view of a plurality of computer systems in 

accordance with embodiments of the present invention. 

[0016] FIG. 2 is a top view of the interior of a computer system in accordance 

with embodiments of the present invention. 

[0017] FIG. 3 is a perspective view of the interior of a computer system in 

accordance with embodiments of the present invention. 

[0018] FIGS. 4A-4B are perspective front and back views of a bracket in 

accordance with embodiments of the present invention. 

[0019] FIGS. 5A-5B are flowcharts showing cooling methods in accordance 

with embodiments of the present invention. 

[0020] FIG. 6 is a top view showing the flow of cooling air in accordance 

with embodiments of the present invention. 

[0021] FIG. 7 is a perspective view showing the flow of cooling air in 

accordance with embodiments of the present invention. 

[0022] FIGS. 8A-8B are front and back views of a computer in accordance 

with embodiments of the present invention. 

[0023] In the following description, reference is made to the accompanying 

drawings which form a part thereof, and which illustrate several embodiments of the 
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present invention. It is understood that other embodiments may be utilized and 
structural and operational changes may be made without departing from the scope of 
the present invention. The use of the same reference symbols in different drawings 
indicates similar or identical items. 

DETAILED DESCRIPTION 
[0024] FIG. 1 shows a perspective view of a row 101 of computer systems 

100a- 100c in accordance with embodiments of the present invention. Each computer 
system 100 includes a computer rack 102 which provides the structural support for 
the plurality of computers 104 provided in computer system 100 in a back-to-back, 
offset arrangement. The first computer system 100a is shown having a front side 
fully populated with computers 104, the second computer system 100b is shown 
having a front side partially populated with computers 104, and the third computer 
system 100a is shown having no computers 104 provided on the front side. The 
computer rack 102 may also be provided with enclosure walls and doors which cover 
the computers 104. Unlike conventional rack-based computer systems which only 
contain a single stack of computers, each computer system 100 includes two stacks of 
computers, as shown more clearly in FIG. 2. The computer rack 102 may comprise a 
standard-sized rack, or may have different dimensions. In one embodiment, the 
computer rack 102 measures approximately 24" wide, 40" deep, and 74" high. 
[0025] The term "computer" is used herein to refer to any electronic system 

designed to perform computations and/or data processing. In some embodiments, a 
"computer" is an electronic device having a central processing unit (CPU) and 
memory provided on a main board. These components may be encased in a computer 
chassis. In some embodiments, the computer may comprise a printed circuit board 
(PCB) having exposed components without an enclosure. 
[0026] FIG. 2 is a top view of the computer system 100 and FIG. 3 is a 

perspective view of the computer system 100. FIGS. 2-3 illustrate more clearly a 
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back-to-back, offset arrangement of computers 104 in accordance with embodiments 
of the present invention. The computer system 100 includes a first face side 106a and 
a second face side 106b, opposite the first face side 106a, and further includes a first 
lateral side 108a and a second lateral side 108b, opposite the first lateral side 108a. 
When multiple computer systems 100 are provided in a computer room, for example, 
the computer systems 100 are arranged such that the lateral side of each computer 
system 100 is faces the lateral side of the adjacent computer system 100 in the room. 
The face sides 106 of each computer system 100 are co-planar and form a row of face 
sides 106 accessible to the computer room operator as the operator walks along the 
row of computer systems 100. 

[0027] As can be seen in FIGS. 2-3, the computer system 100 includes a first 

stack 105a and a second stack 105b of computers 104. Each stack 105 includes a 
plurality of computers 104 positioned in a vertical arrangement such that the sides of 
each computer 104 in the stack 105 are roughly co-planar. In addition, in the 
computer system 100 shown in FIGS. 2-3, the front sides of each computer 104 are 
provided along either the first face side 106a or the second face side 106b of the 
computer system 100. Thus, when a plurality of computer systems 100 are provided 
in a row, as shown in FIG. 1, an operator can walk along one side of the row of 
computer systems 100 and access the front sides of each computer 104a in the first 
stack 105 a. Then, the operator can walk along the opposite side of the row of 
computer systems 100 and access the front sides of each computer 104b in the second 
stack 105b. 

[0028] The back-to-back and offset (or partially overlapping) arrangement of 

the two stacks 105 of computers 104 create two cooling air plenums 1 10a- 1 10b. 
Each of the plenums 110 shown in FIG. 2 have four sides. The first side of the 
plenum 1 10b is defined by one of the lateral sides of the computers 104a of the first 
stack 105a. The second side of plenum 1 10b is defined by the back sides of the 
computers 104b in the second stack 105b. The third side of the plenum 1 10b is 
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defined by the second lateral side 108b of the computer system 100. The fourth side 
of the plenum 1 10b is defined by the first face side 106a of the computer system 100. 
The second plenum 1 10a is similarly defined. 

[0029] At the top of the computer rack 102, support flanges 120a- 120b may 

be provided to provide additional rigidity for the computer system 100. Adjacent the 
support flanges 120a- 120b is a cabling region 122a- 122b, which may be used to 
contain the various cable and connections used for the computer system 100. 
[0030] A bracket 400 may also be provided along the back sides of the 

computers 104 in each stack 105. An exemplary bracket 400 is shown in greater 
detail in FIGS. 4A-4B. The front side 402 of the bracket 400 is shown in FIG. 4A, 
and the back side 404 of the bracket 400 is shown in FIG. 4B. When the computer 
system 100 is assembled, the front side 402 is adjacent the back sides of the 
computers 104 and the back side 404 is exposed to the cooling air plenum 110. 
[0031] Each of the brackets 400 may be configured to include a rack-mounted 

end 414 which attaches to a structural beam near the side of the computer rack 102 
and a bracket-mounted end 416 which is coupled with the bracket-mounted end 416 
of a corresponding bracket 400 which holds the fans for cooling the adjacent stack 
105 of computers 104. As shown in FIG. 2, the bracket-mounted end 416 of bracket 
400a is coupled with the bracket-mounted end 416 of bracket 400b. The rack- 
mounted ends 414 of the brackets 400a-400b are mounted to the lateral sides of the 
computer rack 102. 

[0032] In accordance with embodiments of the present invention, the pair of 

brackets 400a-400b can cooperate to form a structural support for the computers 400. 
In the embodiment shown in FIG. 4A, each bracket includes support apertures 422 
that are positioned to mate with support pins 423 protruding from the back side of the 
computers 400 (as shown in FIG. 8B). When each computer 400 is mounted in the 
computer rack 102, the support pins 423 are inserted into the support apertures 422 to 
provided support for the back side of the computer 400. Support apertures 424 may 
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be provided on the front side of the computer 400, to enable the front side of the 
computer 400 to be attached to the rack 102 using, for example, screws. With this 
arrangement, it may be unnecessary to provide any additional supports in the rack 
102 for the computers 400. 

[0033] The bracket 400 may include one or more air apertures 406 for 

enabling cooling air to pass through the bracket 400 between the computers 104 and 
the cooling air plenums 110. When the computers 104 include a computer chassis 
enclosing the computer components, each computer 104 may include one or more 
vents for allowing air to flow from the interior region of the computer 104 through 
the air aperture 406 to the plenum 110. One or more air movers 408 (such as, e.g., 
fans) can be provided to assist with the airflow through the apertures 406. In FIG. 
4B, simplified drawings of air movers 408 are depicted for clarity. These simplified 
drawings do not illustrate the fan blades, motors, or other components for moving the 
air, as would be understood by one of ordinary skill in the art. 
[0034] In accordance with embodiments of the present invention, the bracket 

400 may further include one or more power apertures 410 for enabling a power cable 
412 (or other power connector) to pass through the bracket 400 to each of the 
computers 104. Each of these power apertures 410 may be positioned to be aligned 
with a power input connector on the computer 104 such that as the computer 104 is 
inserted into the computer rack 102 from the face side of the computer system 100, a 
power cable 412 positioned in the power aperture 410 will automatically mate with 
the corresponding power input connector on the computer 104 without further 
.operator manipulation. This arrangement provides for easy power connection to 
power cables 412 provided in the middle of the computer rack 102, where it would 
otherwise be more difficult to manipulate if done by hand, due to its interior location. 
[0035] The bracket 400 shown in FIGS. 4A-4B includes support flanges for 

retaining the power cables 412 in place. A first flange 418 is formed from a portion 
of the bracket 400 which is cut out and bent at a 90° angle. The second flange 420 is 
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L-shaped and includes a portion which mates with the first flange 418 and a second 
portion which can be attached to the bracket body using screws. The second flange 
420 abuts the back of the power cable 412 to inhibit rearward movement of the power 
cable 412 as the computer 104 is being inserted into the rack 104. This helps to 
ensure a secure and complete mating of the power cable 412 with the power input 
connector on the computer 104. 

[0036] In some embodiments, one or more power supplies 120 can be 

mounted inside the computer rack 102 external to the computers 104. These power 
supplies 120 can provide power to each of the power cables 412, which, in turn, 
provide power to the computers 104. The air which flows through the cooling air 
plenums 1 10 can be used to cool the power supplies 120. 

[0037] In FIG. 2, two locations of power supplies are shown. Power supply 

120a supplies power to a computer 104 in the first stack 105a is may be provided 
adjacent to the second face side 106b of the computer system 100. This position may 
facilitate easier access to power supply 120a for servicing or replacement. In 
addition, the air directed into the first plenum 1 10a can flow from the plenum 1 10a 
through or over the power supply 120a and out of the computer system 100. 
Alternatively, the cooling air may be drawn into the power supply 120a from the 
exterior of the computer system 100, passed into the plenum 1 10a, and vented out of 
the top or bottom or both of the computer system 100. 

[0038] In accordance with other embodiments of the invention, power supply 

120b is positioned in another location within the computer system 100. In different 
embodiments, the position of the power supplies 120 may vary. In some 
embodiments, the power supply may be provided within each computer 104, and a 
power strip for routing power to each of the computers 104 may be provided at the 
location of the illustrated power supply 120a. 

[0039] In accordance with an aspect of the present invention, the air movers 

408 in each bracket 400 move air in or out-of more than one computer 104. In the 
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embodiment shown in FIG. 3, each computer 104 has a standard 1U form factor such 
that each computer has a height of approximately 1.75". Bracket 400 has a 2U height 
(i.e., approximately 3.5") so that each bracket 400 spans to two adjacent computers 
104. Accordingly, each air aperture 406 and corresponding air mover 408 draws air 
from two adjacent computers 104 in the stack 105. The air movers 408 mounted on 
the bracket 400 may be used to replace the fans conventionally included in rack- 
mounted servers, or the air movers 408 may be used in addition to fans or other air 
movers positioned inside each computer 104. 

[0040] Several advantages may be achieved by utilizing the illustrated air 

moving system. First, by positioning the air movers 108 (i.e., the fans) behind the 
computer 104, extra interior space inside the computer chassis may be made available 
for other components. In all rack-based computer systems, and particularly when 
dealing with small form- factor 1U systems, space inside of the computer chassis is 
extremely limited. By providing fans on the exterior of the computer chassis for 
drawing air out of (or for forcing air into) the computer chassis, the space inside of 
the computer chassis that would normally have been reserved for fans can be used for 
other components of the computer. 

[0041] In addition, fans having a 1U profile have extremely small fan blades 

and, accordingly, have limited air moving ability. By utilizing a single fan spanning 
two computers 104, the fan blade diameter can be roughly doubled. This doubling of 
the fan blade diameter has an exponential affect on the fan-blade area and on the 
overall air-moving capacity of the fan. It has been observed in some installations that 
a pair of 2U-sized fans can provide the same air moving capability as ten lU-sized 
fans. In addition, in other embodiments, a single bracket may span three or more 
computers. In these embodiments, each fan with draw cooling air from three or more 
adjacent computers. In yet other embodiments, seals or gaskets may be provided 
between the brackets 400 and the back sides of the computers 400, to better couple 



11 



the air movers 108 with the interior regions of the computers 400 and thereby provide 
more efficient airflow. 

[0042] When the computers 104 in the computer system 100 are operating, 

various components in each computer 104 generate heat. Two of the primary sources 
of heat within a typical server include the main CPU and the power supply. 
Additional heat-generating components include but are not limited to hard disk 
drives, integrated circuits on the chipset, and memory. In accordance with 
embodiments of the present invention, the heat being generated by these heat- 
generating components are drawn out of the computers 104 as described below and 
illustrated in flowcharts of FIGS. 5A-5B. 

[0043] FIG. 5 A is a flowchart of a computer system cooling method in 

accordance with embodiments of the present invention. In step 501, two stacks of 
computers are provided in a back-to-back, offset arrangement such that two cooling 
air plenums are formed. In step 502, heat-generating components of the computers 
are operated. In step 503, cooling air passes through the computers to draw heat from 
the heat-generating components and into the two cooling air plenums. The cooling 
air passing through the first stack of computers passes into the first cooling air 
plenum and the cooling air passing through the second stack of computers passes into 
the second cooling air plenum. In step 504, the cooling air in the plenum passes out 
of the computer system. 

[0044] In the method illustrated in FIG. 5 A, the cooling air can be provided 

by an air conditioning unit to the interior of the room in which the computer systems 
100 are installed. With reference to the computer system 100 shown in FIGS. 1-3, 
the air movers 408 provided adjacent to the first stack 105a of computers 104a can be 
operated to draw air out of the computers 104a. This creates an airflow inside each of 
the computers 104a such that the cooling air in the room is drawn through vents 112 
in the front of the computers 104s and into the interior of the computer chassis. As 
this cooling air passes over or around the heat-generating components in the 
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computers 104a, the heat is absorbed by the cooling air, which then is drawn by the 
air movers 408 out of the computers 104a through vents 1 14 in the back of the 
computers 104a. This cooling air is then exhausted into the cooling air plenum 1 10a. 
In a similar fashion, cooling air is drawn through the second stack 105b of computers 
104b and into the second cooling air plenum 1 10b. As mentioned above, fans may be 
provided inside of the computers 104b to effectuate this airflow. 
[0045] This cooling air which has absorbed the heat from the heat-generating 

components is then exhausted out of the cooling air plenums 1 10a- 1 10b. In one 
embodiment, the cooling air plenums 1 10a- 1 10b are coupled to a vent hood 116 
provided at the top of the computer system 100. This vent hood 1 16, in turn, can be 
coupled to ducts which channel the heated cooling air out of the location of the 
computer systems 100. Additional air movers may be provided in or near the vent 
hoods 1 16 for assisting in the flow of cooling air out of the plenums 110. The ducts 
can, for example, channel the air back to the air conditioning system or exhaust the 
air out of the building and into the environment. The vent hood 116 and the ducts can 
operate to keep the heated cooling air separate from the cooling air provided by the 
air conditioning system to cool the heat-generating components. This can increase 
cooling efficiency and prevent pockets of heat from being generated due to 
ineffective air flow. 

[0046] In other embodiments, the cooling air in the plenums 110 can be 

directed downward into ducts provided underneath the computer systems 100. These 
ducts can direct the heated cooling air away from the computer systems and out of the 
building. Because many computer rooms are built on raised floors, the addition of 
cooling air ducts underneath the computer systems 100 can be easily accommodated. 
In yet other embodiments, the exhaust air may flow both up out of the top of the 
plenum 110 and down out of the bottom of the plenum 110. 

[0047] FIG. 5B shows a flowchart of an alternative computer system cooling 

method. In step 503' of this embodiment, cooling air is drawn from the two cooling 



13 



air plenums into the computers to draw heat from the heat-generating components. 
This cooling air may be provided from the bottom of the plenum 1 10, from the top of 
the plenum 1 10, or from both. In addition, this cooling air may be forced air and/or 
may be air conditioned air. In step 504', the cooling air is exhausted out of the 
computers. Vents may be provided in the front sections of the computers to allow the 
cooling air to exhaust out of the computers. 

[0048] In the above-described embodiments, the cooling air passes through 

each computer 104 in a front-to-back or back-to-front direction. In other words, in a 
front-to-back airflow system, the cooling air passes into vents provided in the front of 
the computer 104 and passes out through vents provided in the back of the computer 
104. In other embodiments, the cooling air can be provided from the ducts beneath 
the computer room floor up into the plenums 110. This cooling air then passes into 
the back of the computers 104 and out of the front of computers 104 into the 
computer room. 

[0049] In accordance with another aspect of the present invention, other 

directions of airflow are possible. FIGS. 6-7 show the airflow in a front-to-side 
airflow system in which air enters the computer 600 through vents provided in the 
front of the computer 600 and then flows out of the computer 600 through vents 605 
provided on the side of the computer 600 which faces the second air plenum 1 10b. 
This front-to-side airflow can be used alone or in conjunction with the front-to-back 
airflow described above. 

[0050] The use of both front-to-side and front-to-back airflow can be 

particularly useful to cool specific components of a computer 600. For example, a 
heat-generating component 602 may be provided near the side of the computer 600. 
This heat-generating component 602 may be one of the primary heat-generating 
components of the computer 600, such as one or more CPUs. In this situation, it may 
be desired to exhaust the cooling air immediately after the air passes over the CPU, 
thereby preventing the heated air from contacting the other heat-generating 
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components 606, 608 in the computer 600. An airflow directing member 603 may be 
provided to help guide the air out of the side of the computer 600. An additional air 
mover 604 may be provided on the side of the computer to also assist with drawing 
the air out of the side of the computer 600. This exhaust air may be vented out of the 
top and/or bottom of the plenums 1 10a- 1 10b. In other embodiments, the cooling air 
may be provided into the plenums 1 10a- 1 10b, and the front-to-side airflow can be 
reversed to provide a side-to-front airflow, with the exhaust air being vented out of 
the front of the computers 600. 

[0051] In various figures, to improve clarity, the number computers 104 

which are shown in the figure may vary. In FIG. 3, for example, two computers 104a 
facing the first face side 106a and two computers 104b facing the second face side 
106b are shown. It is to be understood that a variable number of computers 104 can 
be provided in each stack 105. To maximize the density of computers 104 in the 
computer system 100, it may be desired to fill the entire available vertical space in the 
computer rack 102 with computers 104. 

[0052] As a result of the symmetrical layout of computers 104 in the 

computer systems 100, the conventional notions of the "front" and "back" of a 
computer rack do not apply. In conventional racks, the "front" side of the rack 
provides access to the faces of the computers. The front side access is typically 
necessary for removing components such as hot-swap hard drives or for removing an 
entire computer from the rack. The "back" side access is typically necessary for 
accessing the I/O inputs for the same computers. 

[0053] In accordance with embodiments of the present invention, each 

computer system 100 includes a first face side 106a and a second face side 106b, each 
face side providing access to the front side of one of the stacks 105 of computers 104. 
The back side of the first stack 105a of computers 104a faces the back side of the 
opposing stack 105b of computers 104b. This back-to-back arrangement of stacks of 
computers can impede access to the back sides of the computers 104. Accordingly, in 
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some embodiments, all of the components which miist be accessible while the 
computers 104 are operating are provided on the front sides of the computers 104. 
These components include, for example, optional hard disk drives, removable media 
drives, and I/O connectors, such as serial ports, parallel ports, and RJ-45 ports. The 
components which are only accessed after the computers 104 are shut down are not 
accessed as often and can be provided in the back side of the computer 104. For 
example, the power connector can be provided on the back side because the power 
cable is typically not disconnected while the computer is still in operation. 
[0054] FIGS. 8A-8B show front and back sides of an exemplary computer 

104 in accordance with the present invention. The front view shown in FIG. 8 A 
shows a removable bezel 802 mounted to the front side of the computer 104. This 
bezel 802 may include apertures to enable cooling and/or exhaust air to flow from the 
vents 112 provided on the front of the computer 104. In other embodiments, the 
bezel 802 may be omitted. The bezel 802 may further include apertures 804 
providing access to various I/O ports, such as, e.g., RJ45 connectors, and additional 
apertures 806 to provide a user with a view of indicators on the front of the computer 
104. These indicators may be, e.g., LEDs indicating hard drive activity or other 
status information. The back side of the computer 104, as shown in FIG. 8B, may 
include a power supply fan guard cutout 810, which comprises a removable panel to 
expose an optional fan dedicated to the power supply in the computer 104. The back 
side may also include a power switch cutout 812 for providing access to an optional 
power switch on the back of the computer 104. In other embodiments, the power 
switch may be provided on the front side of the computer 104 or may be omitted 
altogether. 

[0055] The back-to-back and offset pairs of computers 104 may be mounted 

in a standard-sized computer rack on slides (not shown). When no slide is used, each 
of the computers 104 may be supported by the computer 104 directly beneath it or 
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may be supported using the support apertures 422 and support pins 423, as described 
above. 

[0056] Reasons for providing sets of computers utilizing front-to-back airflow 

into and out of the plenums 1 10a- 1 10b include, but are not limited to, maintaining an 
acceptable overall temperature of the environment in which the computers are 
housed, controlling environmental cooling or air-conditioning costs and providing a 
self-contained unit that may be individually vented so as to avoid contribution to an 
overall heating problem of a facility or exacerbating heating problems of nearby, less- 
robust systems by blowing hot air in their direction. To aid in providing a discrete 
system which will not contribute to overall heating problems at a site, further 
isolation of the system may be accomplished by providing insulation at, along or 
within the sides of the rack 102 and/or at any optional door(s) provided. 
[0057] While the invention has been described in terms of particular 

embodiments and illustrative figures, those of ordinary skill in the art will recognize 
that the invention is not limited to the embodiments or figures described. For 
example, many of the embodiments described above refer to the computer systems 
being utilized as part of a server farm. In other embodiments, the computer systems 
may be used for other purposes, such as, for example, storage arrays. The multiple 
computers in a single stack may be identical or may be different. In some 
embodiments, the computers in a stack may have different form factors (e.g., some 
computers have a 1U profile, while others have a 2U or 3U profile) and may be 
configured to perform different tasks (e.g., one or more computers may be configured 
as a central controllers, while other computers in the stack may be configured as 
storage arrays). 

[0058] Therefore, it should be understood that the invention can be practiced 

with modification and alteration within the spirit and scope of the appended claims. 
The description is thus to be regarded as illustrative instead of limiting on the 
invention. 
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